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 Warmup is a standard practice for swim competitions, but there is minimal scientific 
evidence regarding the effectiveness of pre-competition activities (PCA) after the swim warmup. 
This study examined whether a loaded PCA using tethered swimming while attached to a power 
rack improves performance in a 25-yard swim sprint. Post activation performance enhancement 
(PAPE) may be the proposed mechanism for improvement resulting from a loaded PCA. To 
determine if PAPE existed following the loaded PCA, varsity swimmers from SUNY Cortland 
performed a 25-yard sprint a loaded PCA and after an unloaded PCA (control). All participants 
performed a standard meet warmup (1600-yards) prior to completing the unloaded or loaded 
PCA. To counterbalance the swim trials, half the participants completed the loaded PCA during 
the first swim trial then completed the unloaded PCA during the second trial which took place 
forty-eight hours later, and vice versa for the other half of the sample. A paired samples t-test 
revealed no significant differences when comparing average group 25-yard time (s) after the 
loaded PCA and unloaded PCA (p > .05). However, fifteen of the twenty-two participants (68% 
of the sample) improved their 25-yard sprint times following the loaded PCA with a 1.62% 
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Post activation potentiation (PAP) purports that contractile history can improve 
performance by “potentiating” the muscle for enhanced performance. PAP refers to the 
potentiated neuromuscular state after intense loading, this potentiated state can lead to an 
increase in power activity performance (Hodgson et al., 2005). A PAP loading protocol results in 
the muscles being both potentiated and fatigued. However, fatigue dissipates faster than 
potentiation, creating an opportunity for performance enhancement (Hancock et al., 2015). For 
example, a loaded back squat followed by a short rest period could be used as a loading protocol 
to improve vertical jump height. Thus, a post activation loading protocol shortly before a 
competition may be used by swimmers for short-term performance enhancement. It is important 
to note that the physiological mechanism for PAP is unknown. Though previous research 
commonly uses the term PAP, it is unknown whether muscle potentiation exists after fatigue has 
dissipated in applied settings. Therefore, this study adopted the term “post activation 
performance enhancement” (PAPE).  
 Skeletal muscle performance is affected by its contractile history (Sale, 2002). For 
example, if a swimmer competes in a 100-yard freestyle race immediately followed by a 100-
yard butterfly race, their performance during the butterfly would suffer due to fatigue from the 
previous event. On the other hand, contractile history can improve performance. For example, 
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warmup typically serves to improve performance though known mechanisms like increased 
muscle temperature and oxygen uptake (Ferguson et al., 2002). 
On the day of competition, swimmers are typically prescribed a pre-meet, pool-based 
warmup from their coach. This warmup lasts ~90 minutes and is dictated by event officials. A 
typical 90-minute pre-meet warmup consists of intermittent swimming at varying distances and 
intensities, interspersed with rest. Typical pre-meet warmups range from 1300 - 2100m and 
begin with a long distance (400-800m) swim at low intensity, followed by a series of shorter 
swims at moderate intensity as the swimmer increases velocity throughout the warmup toward 
their specific race pace (McGowan et al., 2016). 
After the pre-meet warm up, competition begins. Typical collegiate championship meets 
consist of two racing sessions, one session in the morning (preliminaries) and one in the evening 
(finals). A racing session consists of the swim events that take place during preliminaries or 
finals. For example, the first session (preliminaries) at the State University of New York Athletic 
Conference (SUNYAC) Championships consists of the 500-yard Freestyle, 200-yard Individual 
Medley, and 50-yard Freestyle. Each day preliminaries are proceeded by the second racing 
session (finals), where the top 16 swimmers in each event return later that day to score points 
and/or earn medals for their team. These championship type meets typically last three days for a 
total of six sessions. Collegiate swimmers may swim three individual events during a 
championship meet, this usually results in an athlete competing in one individual event per day. 
Collegiate swimmers might only compete in one event per session. Therefore, most 
coaches prescribe warmups specifically for the event at hand (McGowan et al., 2015). For 
example, if a swimmer is competing in the shortest competitive event, the 50-Yard Freestyle, 
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their coach might prescribe a warmup that includes short swims (25 yards or less) with speeds at 
or near sprinting pace. When devising a warmup, it is important to note that even the smallest 
improvements in performance can lead to significant results for a swimmer. For example, the 
difference between eighth and ninth place at the 2019 Division 1 NCAA championship in the 
men’s 50-yard freestyle was 19.05 vs 19.08 seconds (2019, March 30) 
https://www.swimcloud.com/results/118612/event/5/). This is meaningful because eighth place is 
the cutoff for earning a medal and a position on the podium. A 0.2% improvement in 
performance would have made the difference for the ninth-place competitor in this scenario. 
Therefore, potential benefits from a post activation protocol may elevate the swimmer to a 
podium position. A post activation loading protocol could be performed after the pre-meet 
warmup and before to the competition to elicit a PAPE effect. The present study describes this 
loading protocol as a pre-competition activity (PCA), an activity that is done at a higher intensity 
than the initial warmup, and in close temporal proximity to the competition. A previous study 
which used a loaded PCA after a warmup and six minutes prior to a swimming race resulted in a 
0.54 second (0.84%) average improvement in 100m freestyle performance. In that study, PAPE 
was achieved via a PCA that consisted of resistance swimming while tethered to a power rack 
(Hancock et al., 2015). 
Statement of the Problem 
Loaded PCA have been shown to be an effective method of enhancing anaerobic (sprint 
or power) exercise performance (Crewther et al., 2011).Yet little research has been conducted 
PCA and PAPE in sprint swimming. It is unclear if a loaded PCA can benefit swim sprint 
performance.   
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Purpose  
This study aimed to determine if a loaded PCA using tethered swimming while attached 
to a power rack could effectively enhance 25-yard freestyle sprint performance in Division III 
varsity swimmers. This was done by comparing 25-yard sprint performance after a standard meet 
warmup and a loaded PCA versus a standard meet warmup and an unloaded PCA (control).   
Hypotheses 
Research Hypothesis Ha: A warmup followed by a loaded PCA will change 25-yard 
freestyle performance compared to a warmup followed by an unloaded PCA. 
Null Hypothesis H0: There will be no differences in 25-yard freestyle performance 
following a warmup and a loaded PCA compared to a warmup and an unloaded PCA. 
Delimitations 
1. Volunteers were Division III varsity swimmers from SUNY Cortland. 
2. Swim sprint performance was determined by 25-yard sprint time. 
3. PAPE was attempted via four, 12-yard maximal swim sprint repetitions while tethered to 
a power rack with an individually calculated resistance.  
Limitations  
1. This study’s sample was a convenience sample, the participants were not randomly 
selected. At the time of this study, all participants were on the same swim team. 
2. The present sample (n = 22) did not meet the previously established statistical power 
requirement for sample size (n = 24). 
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3. Previous research (Hodgson et al., 2005) has shown that the PAPE response varies 
greatly in magnitude and timing of effect between individuals. The present study used the 
same (6 min) timing from PCA to sprint performance for all participants.  
4. It was not possible to determine the mechanism for PAPE. Muscle activation and other 
cellular factors (e.g., PAP via myosin light chain phosphorylation) could not be 
measured.  
5. It was difficult to determine the effort of the participants during the PCA and the timed 
25-yard sprint. 
6. To control for variations in the dive start and flip turn performance, participants swam 
25-yards starting from an in-water push off the side of the pool. Therefore, a limitation of 
this study is the practical application for competitive sprint events (e.g., 50-Yard 
Freestyle) that begin on the starting blocks and require a flip turn.  
7. The swimmers took their own heartrate using the carotid method for six seconds. 
8. The Borg scale was novel to the participants, which may have resulted in a lack of 
correlation between heartrate and RPE after the PCA. 
9. Rest intervals following the PCA were not individualized to optimize performance for 
each team participant. 
10. The team participants experienced different levels of training over the 11-week season, 
twelve of the participants trained with 1-hour practice sessions four to five days per week 
while ten of the participants trained with 2-hour sessions six days per week. 
6 
11. This study took place during a non-competitive season and the testing environment was 
unlike a typical competitive scenario.  
Assumptions 
1. Since all participants were on the same team, it can be assumed that the participants are 
equally familiar with using power racks as a PCA.  
2. Team participants provided maximal effort in each timed 25-yard swim trial. 
3. Team participants gave maximal effort during the PCA (four loaded and unloaded ~10m 
sprints) in both trials.   
4. Team participants followed instructions to maintain proper hydration, consume no 
caffeine, and participate in no vigorous exercise for 30 minutes prior to BIA 
measurements.  
Definition of Terms 
1. Post Activation Potentiation (PAP)– the increase in muscle twitch and low-frequency 
tetanic force after a conditioning activity. The commonly proposed mechanism by which 
PAP occurs is the phosphorylation of regulatory myosin light chains, this results in an 
increase in Ca2+ sensitivity in actin. This serves to improve rate of force development, 
which may improve speed and power in athletes after a conditioning activity.  
2. Post Activation Performance Enhancement (PAPE)– an acute improvement in 
performance following a loaded conditioning exercise. Typical recovery time between 
conditioning exercise and performance ranges from six to twelve minutes. Due to the 
unknown mechanisms of PAP, this term is used in applied settings. 
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3. Pre-competition activity – An activity that serves to enhance performance, this activity is 
completed after the typical warmup period, and in close temporal proximity to the 
competition. 
4. Power rack – A piece of swim equipment that operates using a pulley system that is 
designed to add resistance to the swimmer during swimming. 
5. Recovery Time – The amount of time (s) spent resting between the PCA and the 
performance. In this study recovery time was six minutes. 
Significance of the Study 
 The effectiveness of a PCA using power racks to improve swimming sprint performance 
is not well documented. This research is significant because even the slightest improvements in 
performance can determine the result of swim races. Especially in sprint events like the 50-yard 
freestyle which can be completed in 20-seconds or less. If the loaded PCA can improve 








 The purpose of the present study was to determine if a loaded PCA after a standard meet 
warmup could impact 25-yard freestyle sprint performance. This chapter describes previously 
published literature relevant to the research purpose of this thesis. It is organized into four 
sections: (1) proposed mechanisms of PAP and PAPE, (2) PAPE in swimming, (3) optimal 
timing for PAPE, and (4) warm up in swimming. At the end of each section, the relevance of the 
literature to the research in this thesis is discussed.  
Mechanism of PAP and PAPE 
One method to enhance speed and power performance is to elicit a post activation 
response. According to previous literature, PAP refers to an increased rate of force development 
following a conditioning stimulus, typically through a maximal voluntary contraction or multiple 
submaximal (60-90%) voluntary contractions (Sale, 2004). The proposed underlying mechanism 
of PAP is thought to be the phosphorylation of regulatory light chains in myosin via myosin light 
chain kinase (Rassier & MacIntosh, 2000). This results in the potentiation of the skeletal muscle 
by priming the actin-myosin relationship rendering it more sensitive to activation by Ca2+. The 
myosin light chain kinase activity results in a structural change at the hinge of the myosin head 
which increases the rate at which myosin cross-bridges move from non-force producing to a 
force producing state, this explains how PAP may increase the rate of force development in 
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skeletal muscle (Hodgson et al., 2005). It is important to note that potentiation via classical PAP 
has a half-life of only ~28 seconds (Vandervoort et al., 1983). Thus, in applied settings where 
athletes must rest after the conditioning exercise to minimize fatigue, it is crucial to consider 
other mechanisms of performance enhancement. Additionally, it is difficult to measure muscle 
activity to determine whether potentiation exists in applied settings, especially in the pool. Thus, 
in applied settings, PAPE must be distinguished from PAP.  
Loaded PCA could be used in applied settings to experience PAPE. For example, 
Crewther et al. (2011) noted that compared to baseline, a conditioning stimulus of three maximal 
repetition back squats significantly improved countermovement jump height at varying rest 
intervals: 4 min (3.9 ± 1.9%), 8 min (3.5 ± 1.5%), and 12 min (3.0 ± 1.4%). The present research 
examined the effectiveness of a loaded PCA in swimming by attempting to elicit a PAPE 
response via multiple submaximal contractions during a tethered, high-intensity swim sprint 
using power racks.  
Utilizing PAPE in the Swim Warm Up 
The five previous PAPE swim studies have produced ambiguous results. In these studies, 
the conditioning exercise or PCA had no effect on swim performance when the exercise was 
biomechanically unlike (e.g., push-ups, pull-ups, burpees) the swim performance (Abbes et al., 
2019; Kilduff et al., 2011; and Sarramian et al., 2011). However, PAPE served to improve 
performance with swimmers when the pre-performance activity was biomechanically like the 
performance (Cuenca-Fernandez et al., 2015; Hancock et al., 2015). Cuenca-Fernandez et al., 
(2015) examined the swim start by comparing a standard swim warm up and two loaded PCA. 
The conditioning exercise for the loaded protocols included a loaded barbell lunge and a loaded 
10 
yoyo squat. Significant improvements in time to 5m were observed after the yoyo squat (1.65 ± 
0.052 seconds), compared to the lunge (1.71 ± 0.053 seconds) and the standard swim warm up 
(1.75 ± 0.057 seconds). The yoyo squat was selected because it is biomechanically identical to 
the swim start, which may explain why the swim start was fastest after this condition. Hancock et 
al., (2015) examined 100m freestyle performance by comparing a standard swim warm up with a 
standard swim warmup that was followed by a loaded PCA. The loaded PCA involved 
swimmers sprinting freestyle for 10m (length of power rack cable) with resistance while tethered 
to a power rack. In this study, the addition of the power rack PCA significantly improved 100m 
Freestyle performance (mean loaded 100m time = 62.91 seconds, mean control 100m time = 
63.45 seconds). These results are like the Cuenca-Fernandez results, as the loaded conditioning 
exercises were biomechanically identical to the performance. 
 On the contrary, there was no PAPE effect on swim performance when the conditioning 
exercise was biomechanically unlike the performance (Abbes et al., 2018; Kilduff et al., 2011; 
Sarramian et al., (2015). Sarramian et al. (2015) found that weighted pull-ups (upper body) as a 
PCA increased time to swim 50m compared to a standard warmup (29.00 ± 2.05 vs. 29.36 ± 1.88 
seconds, p = 0.046). Additionally, box jumps (lower body) or box jumps + weighted pull-ups 
(combined) yielded no significant differences in 50m performance (p > 0.05). Similarly, Abbes 
et al. (2018) found no significant changes in 50m sprint performance when compared to a 
standard swim warm up followed by push-ups, squats, and burpees as PCA. Kilduff et al., 
(2011)used three back squat repetitions loaded with 87% of the athlete’s maximum one 
repetition load as the conditioning exercise for a 15m swim sprint performance. This resulted in 
no significant differences in 15m swim sprint performance compared to a standard swim warm 
up. However, the back squats significantly improved other measures. After the loaded back 
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squats, compared to a standard swim warm up, peak horizontal and vertical force significantly 
increased (peak horizontal force: 770 ± 228 vs. 814 ± 263 N, p = 0.018; peak vertical force: 
1,462 ± 280 vs. 1,518 ± 311 N, p = 0.038) during the swim start, and vertical jump height 
significantly increased (34.1 ± 4.7 vs. 35.7 ± 5.6 cm, p < 0.01). Kilduff’s study is like other 
studies in which the loaded PCA failed improve swim performance, but it did improve other 
biomechanically similar measures (swim start). This highlights the importance of specificity to 
the PCA when aiming to enhance performance. Thus, a tethered swim, which is biomechanically 
identical to the performance was selected as the PCA to enhance swim performance in the 
present study. 
Optimal Timing for PAPE 
Previous research indicates the importance of PCA specificity for PAPE. However, when 
discussing PAPE, it is also important to consider the impact of recovery time on performance 
(Ah Sue et al., 2016; and Gołaś et al., 2016). Ah Sue et al., (2016) examined the influence of 
recovery time after a loaded conditioning exercise on standing long jump performance in 
volleyball players. The loaded conditioning exercise consisted of five back squat repetitions at 
the individual’s maximal 5-repetition load. Relative to the standard warm up, the loaded back 
squat protocol significantly improved performance (p < 0.05) after 2, 6, and 10-minutes of rest (2 
minutes: 191.4 cm ± 10.1 cm vs. 200.5 cm ± 13.0 cm, 6 minutes: 196.1 cm ± 10.2 cm vs. 203.3 
cm ± 14.1 cm, and 10 minutes: 199.9 cm ± 10.3 cm vs. 207.1 cm ± 13.3 cm).  
Gołaś et al., (2016) examined how recovery time influenced PAPE on three types of 
athletes (basketball players, athletics throwers, and luge athletes) by measuring power output 
after a loaded conditioning exercise at varying recovery times. Each type of athlete performed a 
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different loaded exercise to ensure that it was biomechanically like their performance variable. 
The basketball players completed four sets of four repetitions on a Kaiser Squat machine prior to 
measuring rate of power development during countermovement jumps. The luge athletes 
performed a dumbbell row at 80% of their maximal one-repetition load prior to measuring power 
generated during a latissimus pull down on a Kaiser Power Rack. The dumbbell row was 
biomechanically like the luge start, and according to Gołas et al., (2016) increased power during 
the row is related to better performance in the luge start. Finally, the athletic throwers performed 
an eccentric flat bench press prior to measuring power generated during a bench throw on a 
Smith Machine. Each athlete completed a “power trial” after 2, 4, 6, and 8-minutes of rest to 
determine optimal individualized recovery time. For all three athlete types, the mode for peak 
power performance was observed at six minutes. Based on these findings, the present study used 
a recovery time of six minutes after the loaded and unloaded PCA.  
Warmup for Swimming Competitions  
Warm up prior to swim competitions is a widely accepted practice and is prescribed by 
many coaches. For example, a study by McGowan et al., (2011) surveyed forty-six swim coaches 
who all prescribe specific warmups to their athletes prior to competition. Although warmup is a 
widely accepted practice among swimmers, only recently has it been studied in a scientific 
manner. A recent review article by Neiva et al. (2014) examined eighteen original research 
studies on the effect of swimming warm up on performance. Only three of six studies noticed 
improvements in 50m performance following warmup (Carlile, 1956; Thompson, 1958; and 
Neiva, 2011). 
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Warm up practices for swimming vary, yet a typical warmup for a swim meet would 
include swimming 600 yards continuously at low-intensity (50% of perceived maximal exertion), 
followed by 400 yards of low-intensity stroke drills/technique and 1-3 sets (300 yards in total 
length) of increasing intensity (60-90%) swimming, ending with 2-4 race pace swims (25 yards; 
90-100%) and 100-200 yards of easy swimming (McGowan et al., 2016). In general, swim 
warmups are done to increase muscle temperature, a review article by McGowan et al., (2015) 
noted a positive association between increased muscle temperature and power output. McGowan 
et al. also explained that increased muscle temperature is associated with increased blood 
circulation and muscle metabolism. As blood circulation increases, blood can more effectively 
transport necessary nutrients like glucose and fatty acids into the muscle cell more rapidly. This 
allows the muscle to use and produce ATP at a higher rate to support muscular contraction. A 
recent, non-swimming study which examined track athletes found that a high-intensity PCA 
increased phosphagen and glycolytic system contributions compared to a low-intensity PCA. In 
that study, the high intensity PCA did not significantly improve performance, but 100m sprint 
times tended to improve (Park et al., 2021).  
Previous research has established a standard warmup procedure used by coaches. 
McGowan found that coaches typically prescribe a pool-based warmup with varying intensities 
(50 – 90% perceived maximal exertion) and durations (1300-2100m) depending on the 
swimmer’s needs. This is relevant to the current research, as the university’s standard meet 





 In general, PAPE research has produced ambiguous results regarding effects on 
performance. Loaded PCA have been shown to improve performance in explosive activities 
when the PCA is biomechanically like the performance (Ah Sue, 2016; Cuenca-Fernandez, 2011; 
Crewther, 2011; Gołaś, 2016; and Hancock, 2015). Previous research has established the optimal 
recovery time for PAPE to range from 6-10 minutes (Ah Sue et al., 2016; Gołaś, et al., 2016; and 
Hancock et al., 2015). Although minimal research has examined the effect of warmup on 
swimming performance, many coaches tend to prescribe similar warmups similar to the standard 











The purpose of the present study was to investigate the effects of a loaded PCA using 
power racks on subsequent 25-yard sprint performance. 
Participants 
A convenience sample (n = 23) consisting of college age (18 to 22 years old), varsity 
swimmers from the university’s men’s and women’s swim teams participated in this study. One 
participant did not follow the procedures for the warmup protocol and 25-yard sprint and was 
therefore not included in the results. Participants were recruited via email. Each team participant 
was given an informed consent form (Appendix A) that was approved by the university’s 
Institutional Review Board. The form indicated that (1) the study concerned various warm up 
procedures and sprint performance, (2) the student-athletes were not required to participate, and 
(3) if they chose to participate, they could withdraw from the study at any time. Since a 
convenience sample was used, generalizations to populations should be made with caution. 
Participant descriptive data can be seen in Table 1 below. 
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Table 1. Participant Descriptive Statistics 
   Age  Height (cm)  
Body 














Fat (%)  
Mean   19.7   172.8   78.7   22.40   83.1   75.7   14.9   27.6   
SD  1.30   10.9   14.5   8.00   10.4   16.5   5.3   4.8   
Minimum   18.0   154.0   61.5   9.85   73.5   61.5   9.9   20.2   
Maximum   22.0   203.0   113.4   35.25   107.7   113.4   26.3   35.3   
Note. Body mass and body fat measurements are reported as the average of the measurements 
taken on day 1 and day 2 of testing. 
SUNY Cortland is an NCAA Division III institution. The SUNY Cortland men’s and 
women’s varsity swim teams compete in the SUNYAC conference, which consists of nine men’s 
and nine women’s teams. During their last championship meet (2019 – 2020 SUNYAC Meet) 
the SUNY Cortland men and women placed 2nd out of nine teams. Team performance can also 
be quantified using an analytic known as team championship rating, where a team’s best 
individual performances over the season are simulated against its competitors to determine the 
outcome of the meet. During the 2019-20 season, the SUNY Cortland women’s team 
championship meet rating was 556.25 compared to the mean SUNYAC conference score of 
467.62 ± 106.30. The SUNY Cortland men’s team championship meet rating was 532.51 
compared to a mean SUNYAC conference score of 467.62 ± 71.30. Championship meet rating is 
calculated by Swim Cloud and is based on a team’s season best individual and relay 
performances, this rating is used to compare and predict future team performance at 
championship meets. Last year’s championship ranking indicates a high level of swimming 
success with the SUNY Cortland swim teams compared to the rest of the SUNYAC conference.  
Prior to this study, the team participants had swum consistently (4-6 days per week) for 
the previous eleven weeks. The season’s training was atypical as the swimmers did not 
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participate in any competitions or resistance training on land. However, all swimmers did train 
with resistance in the pool regularly, by utilizing the Total Performance Power Racks twice per 
week. A typical power rack training session consists of twelve self-reported maximal effort ~12-
yard (length of power rack cord) swims while tethered to a power rack. Load was individually 
set by each swimmer to elicit approximate maximal effort. Rest interval between each power 
rack repetition was ~50 seconds. Participant training data can be seen in Table 2.  
Table 2. Participant Training Data 
Participant 





















106 6 2 12 5000 30000 24 -0.04 
215 6 2 12 5000 30000 24 0.27 
113 5 1 5 2800 14000 24 0.10 
214 6 2 12 5000 30000 24 0.32 
116 6 2 12 5000 30000 24 0.02 
229 6 2 12 5000 30000 24 -0.56 
131 6 2 12 5000 30000 24 0.68 
202 6 2 12 5000 30000 24 -0.06 
117 6 2 12 5000 30000 24 0.57 
212 4 1 4 2800 11200 24 0.21 
224 4 1 4 2800 11200 24 -0.20 
201 4 1 4 2800 11200 24 0.11 
123 4 1 4 2800 11200 24 -0.32 
110 5 1 5 2800 14000 24 0.37 
222 5 1 5 2800 14000 24 0.19 
107 5 1 5 2800 14000 24 0.10 
221 5 1 5 2800 14000 24 0.13 
119 5 1 5 2800 14000 24 0.26 
208 5 1 5 2800 14000 24 -0.33 
226 6 2 12 5000 30000 24 0.08 
127 6 2 12 5000 30000 24 -0.45 
130 5 1 5 2800 14000 24 0.10 
Note. Participants trained for 11 weeks prior to the study. Workout volumes represent daily and 
weekly averages over the 11-week period. Workout duration is described as hours (hrs) and 
hours per week (hrs/wk). Workout volume is expressed in yards (yds). 
Instruments 
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 The following instruments were used for data collection. A Colorado Timing Systems 
(CTS) electronic timing system was used to start the “race” and collect 25-yard times. ULTRAK 
495 stopwatches were used as backup to collect 25-yard sprint times. A bioelectrical impedance 
handheld analyzer, Bioelectrical Impedance (BIA, Omron HBF-306C Handheld Body Fat Loss 
Monitor, Omron Healthcare, Inc. Lake Forest, IL) measured participants’ body composition 
(body fat percentage), and a scale (Health o meter 320KL, Pelstar, Bridgeview, IL) measured 
body mass. An iPhone 11 camera was used to record the 25-yard sprint, the sprints were 
recorded to count the number of strokes taken by each individual within the 25-yard sprint. A 
count for front crawl swim stroke was defined as each time a hand enters the water. The Total 
Performance Power Racks (see figure 2) were used by the participants in attempt to elicit a 
PAPE effect prior to swimming the timed 25-yard freestyle sprint. 
Experimental Design and Procedure 
This study used a randomized, crossover experimental design to compare 25-yard sprint 
performances across two different PCA (loaded vs unloaded). The dependent variables were 25-
yard sprint time (s), stroke count (#), stroke rate (strokes per second), PCA heart rate (bpm), and 
PCA RPE. The independent variable was the PCA with two levels: (1) four ~12-yard (length of 
power rack cord) maximal effort repetitions while tethered to a power rack and (2) four 
unloaded, 15-yard (width of the pool) maximal effort sprints which followed SUNY Cortland’s 
previously established standard meet warmup. 
To determine whether the PCA led to PAPE, participants completed a timed 25-yard 
freestyle sprint starting six minutes after each PCA. Rather than starting off the starting blocks 
with a dive start, the participants started with an in-water push off. The distance of 25-yards (one 
pool length), and the in-water start were selected to eliminate confounding variables (the dive 
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starts and flip turn) found in typical competitive distances, where the swimmers dive into the 
water and swim multiple pool lengths. Previous research has shown that the quality of dive starts 
and flip turns can significantly impact performance in swimming competitions (Cossor & 
Mason, 2001; Nicol et al., 2019). Since the team participants only had once chance to swim the 
timed sprint after the 6-minute rest period, the dive start and flip turn were eliminated from the 
performance to avoid unrelated within-subject performance variability in performance. For 
example, a swimmer may slip off the starting block during the start on one trial and not the other, 
this would impact performance and be unrelated to the PCA.  
SUNY Cortland varsity swimmers were initially contacted via email regarding the details 
of the study. Based on individual email responses, those who wished to participate were given an 
informed consent form at practice, prior to data collection. Volunteers were asked to maintain the 
same nutrition and hydration prior to testing on each day. To achieve optimal body fat 
measurements using BIA, the optimal conditions from the manufacturer were instructed. These 
conditions included proper hydration, no caffeine, and no vigorous exercise for 30 minutes prior 
to BIA measurements.  
The participants were assigned to Group 1 or Group 2 based on the order in which they 
arrived for testing. On the first day of testing, Group 1 performed the standard meet warmup 
followed by the loaded PCA, Group 2 performed the standard meet warmup followed by the 
unloaded PCA. The PCA were switched between groups for the second day of testing. After they 
were assigned to groups, the participants’ height was measured using a tape measurer mounted to 
a wall on the pool deck, body mass (kg) was measured using a digital scale and recorded by the 
researchers, and body fat percentage was measured and recorded.  
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During the first day of testing, both groups performed SUNY Cortland’s previously 
established swim team standard meet warmup. This warmup required 1600-yards of swimming. 
The standard meet warmup included a 400-yard low intensity freestyle swim (~140-150 heart 
rate), two 200-yard freestyle swims (alternate kick and swim every 50-yards) at a moderate 
intensity (150-160 heart rate), and four 100-yard freestyle build-ups, where the swimmer 
increases effort and velocity within each 100-yard swim. Finally, the swimmers completed two 
sets of four 50-yard freestyle swims, where each 50-yard swim was to be swum faster than the 
previous. For the SUNY Cortland swim teams, warmup and training zones have been previously 
described with heart rates to describe intensity.  
After completing the standard meet warmup, Group 1 self-reported heart rate by using a 
6-second carotid method. After reporting heart rate measurements, the Group 1 swimmers moved 
to the diving end of the pool (see Figure 1) to complete the unloaded PCA where they sprinted 




Figure 1. Pool Layout. Team participants entered the pool area from the locker rooms. Data 
collection began with height and weight measurements at the scale location. The swimmers 
completed the standard meet warmup on the competition side of the pool (left end) before 
moving to the diving end of the pool where the diving boards are shown on the right. At the 
diving end, the swimmers completed the PCA by swimming the width of the pool attached to the 
power racks or unloaded. Next, the participants rested on the benches at the top of the image for 
six minutes before starting the timed 25-yard sprint in the pool at the left end of the image where 
they finished the 25-yard pool length by touching the touch pads located in the water under the 
starting blocks. 
 
After the PCA, swimmers reported heart rate again and rested on the poolside benches for 
six minutes. Following the six-minute rest period, team participants were instructed to enter the 
pool and assume the ready position. The ready position required the swimmers to face the wall 
with one hand grabbing the gutter and both feet on the wall. After all team participants had 
assumed the ready position, they were reminded by the researchers to react to the “beep” rather 
than anticipating the start. From here, the university’s swim coach started the participants by 
saying “take your mark” and sounding the electronic starter. This prompted the participants push 
off the wall to begin the 25-yard sprint. 
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Group 2 participants followed the same testing protocol, except they completed the 
loaded PCA using the Total Performance Power Racks (Total Performance, Inc., Mansfield, OH, 
USA). Power racks are a stack of machine weights that use a pulley system attached to a belt 
which is tethered around the swimmer’s waist. The Power Rack system is designed to provide 
resistance during training while the athlete swims (see figure 2).   
 
Figure 2. Image of a Total Performance Power Rack 
 
Participants performed four 12-yard sprints (the cable length) while tethered to the power 
rack. The load was calculated using Equation 1 from a previous study (Hancock et al., 2015): 
Equation 1.   L = 0.2 (LBM)(50/t)  
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where, L is the load in kg, LBM is lean body mass in kg, and t is the subject’s lifetime personal 
best 50-yard freestyle time (s). LBM was included to correct for the physiological differences 
between sexes, and the participant’s best 50-yard free time was used to correct for differing skill 
levels. For example, participants with faster 50-yard times experienced increased load relative to 
slower swimmers with the same LBM. Using this formula, load was calculated, and a researcher 
prepared the power rack load for each individual. Since the weight plates on the power rack 
increase by increments of 10 pounds, the researcher placed one pound weight bags on top of the 
power rack plates to load the swimmer with the proper resistance to the nearest 1-pound. Each 
12-yard sprint repetition plus recovery were completed in one minute. The time of each 12-yard 
sprint ranged from approximately 7-11 seconds with the remaining one minute as recovery while 
the swimmer returned to the side of the pool and rested. At minute two, the participants began 
the second 12-yard sprint and so on. Again, four of these sprints were completed, resulting in the 
PCA lasting four minutes in duration. 
During the second trial, Group 1 performed the unloaded PCA, and Group 2 performed 
the loaded PCA before another timed 25-yard freestyle sprint. This order was done to 
counterbalance the swim trials. The second swim trial was performed 48-hours after the first. All 
25-yard sprints were recorded with an iPhone 11 camera from the spectator balcony during both 
swim trials. This was done to determine stroke count and stroke rate for each participant. One 
stroke was counted each time a participant’s hand entered the water. Stroke rate (strokes per 
second) was determined by dividing total stroke count by 25-yard sprint time (s). 
In accordance with SUNY and the Cortland Department of Health COVID safety 
protocols, all participants completed daily COVID screening using the SUNY screening tool 
prior to testing. During the swim trials, all participants and researchers wore facemasks covering 
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the mouth and nose while on the pool deck. Participants and researchers maintained at least 6-
feet for social distancing on deck and in the pool (swimming lanes are 7-feet wide and are 
separated by lane lines).  
In sum, all participants performed both PCA. During the first trial, Group 1 completed 
the standard meet warmup followed by the loaded PCA, and Group 2 performed the standard 
meet warmup followed by the unloaded PCA and vice versa 48-hours later for the second trial. 
The participants measured and reported heart rates immediately after the standard meet warmup 
and PCA. After the 25-yard sprint, all participants completed a 200-yard cooldown swim. 
Data Processing 
 All participants’ height, body mass, body fat percentage, and 25-yard time were averaged 
under each condition. Variability was calculated as the standard deviation from the mean.  
Statistical Analysis 
 Statistical procedures were conducted using JASP (University of Amsterdam, 
Amsterdam, Netherlands, Version 0.11.1.0). Dependent variables were compared using a series 
of paired samples t-test. Significance was set at the p < 0.05 level and effect size was determined 
with a Cohen’s d. The necessary sample size was calculated to be 24 based on a previous study 
(Cuenca-Fernandez et al., 2015) with an effect size of 0.8 using G*Power (Universitat Kiel, 
Germany, G*Power Version 3.1.9.6). 
Pilot Study 
 Pilot data was collected to help determine the timing needed for both control (unloaded) 
and experimental (loaded) conditions. Three volunteers completed the control, and three 
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different swimmers completed the experimental PCA. As predicted, times for tethered ~12-yard 
swims were approximately 6.0 to 7.0 seconds depending on the swimmer and on the repetition 
number within the set. Pilot study sprint times for each swimmer are reported in figure 3 below.  
  































The present study was done to expand on previous research regarding swim PCA using 
power racks. To determine differences in 25-yard sprint time (s) due to the PCA (unloaded vs 
loaded), a paired samples t-test was used to identify within-subject differences from the unloaded 
to the loaded PCA. A Shapiro Wilk test for normality indicated that all data was normally 
distributed with p values greater than 0.05. Descriptive statistics for 25-yard sprint times can be 
seen in Table 4. There were no statistically significant differences in 25-yard sprint time (s) from 
the unloaded (M = 14.23, SD = 1.55) PCA to the loaded (M = 14.16, SD = 1.54); t (21) =1.077, p 
= 0.294 (Table 4). The effect size for this analysis (d = 0.230) was found to exceed Cohen’s 
convention for a small effect (d = 0.20).  
Table 3. Men vs Women Anthropometric Results 
 
Men     Women  t  df  p  
Men's Body Mass (kg)   -   Women's Body Mass (kg)   0.685   8   0.513  
Men's Body Fat (%)   -   Women's Body Fat (%)   -5.162   8   < .001*  
Note.  Student's t-test. (*) indicates significant difference at p < 0.05. 
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Figure 4. Differences in Time (s) for the Loaded PCA Performers. This subgroup swam faster 
after the loaded PCA compared to the unloaded PCA. 
 
Figure 5. Differences in Time (s) for Unloaded PCA Performers. This Subgroup swam faster 















































Figure 6. Individual Differences in 25-Yard Sprint Time (Unloaded - Loaded). Positive numbers 
indicate a faster 25-yard sprint following the loaded PCA. 
To determine if the PCA influenced swimming mechanics, stroke count and stroke rate 
were analyzed during the 25-yard sprint performances. There were no significant differences in 
stroke count (#) from the unloaded (M = 19.59, SD = 2.72) PCA to the loaded (M = 19.59, SD = 
2.44) PCA; t (21) = 0.000, p = 1.000 (Table 4). There were no significant differences in stroke 
rate (strokes per second) from the unloaded (M = 1.39, SD = 0.192) protocol to the loaded (M = 
1.39, SD = 0.186) protocol; t (21) = -0.367, p = 0.717 (Table 4). This suggests that the loaded 
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Table 4. 25-Yard Sprint and PCA Results 
Note.  Student's t-test. (*) indicates significant difference at p < 0.05. 
 
Individual heart rates were taken by participants palpating the carotid artery for a count of 
six seconds immediately after the warmup and each PCA. There were no significant differences 
in average heart rate after the warmup on Day 1 (M = 168.0, SD = 18.3) compared to average 
heart rate after the warmup on day 2 (M = 173.0, SD = 16.7); t (21) = -1.077, p = 0.294. 
Additionally, there were no significant differences in average heart rate after the PCA, unloaded 
(M = 156.0, SD = 14.7) and loaded (M = 160.0, SD = 13.0); t (21) = -1.041, p = 0.310. 
Conversely, there were significant differences in RPE after the pre-race protocols, unloaded (M = 
12.2, SD = 2.09) and loaded (M = 13.4, SD = 1.53); t (21) =- 2.247, p = 0.036 (Table 4). This 
indicates that the participants perceived the loaded PCA to be more difficult than the unloaded.  
 Participant descriptive data can be found in Table 1. For the entire sample, there were no 
significant differences in body mass (kg) or body fat (%) between trials, Day 1 mean body mass 
(78.9 kg) vs Day 2 mean body mass (78.6 kg), and Day 1 mean body fat (22.4%) vs Day 2 mean 
body fat (22.3%). Body composition measurements were taken to determine power rack load 
while accounting for sex differences. There were no significant differences in mean body mass 
between sexes, men (83.1 ± 10.4 kg) and women (75.7 ± 16.5 kg). Contrarily, there were 
  Unloaded Loaded                t-test 
Variable  M SD M SD t  df     p  
25-Yard Sprint Time (s) 14.23 1.55 14.16 1.54 1.077 21 0.294 
Men's 25-yard sprint time (s) 12.64 0.9 12.55 0.92 1.057 8 0.321 
Women's 25-yard sprint time (s) 15.33 0.67 15.27 0.56 0.622 12 0.546 
Stroke count (#) 19.59 2.72 19.59 2.44 0 21 1.000 
Stroke rate (strokes/s) 1.39 0.19 1.39 0.19 -0.367 21 0.717 
PCA heart rate (bpm) 156 14.7 160 13.0 -1.041 21 0.310 
PCA RPE 12.2 2.09 13.4 1.53 -2.247 21 *0.036 
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significant differences in body fat percentage between sexes, men (14.9 ± 5.35%) and women 
(27.6 ± 4.80%).  
 In this study, participant measurements for body composition were taken to determine 
power rack load for the loaded PCA. There were no significant differences in body composition 
measurements for the sample between testing days, Day 1 (M = 22.4%, SD = 7.9) and Day 2 (M 
= 22.3%, SD = 8.3). A standard meet warmup was used prior to the PCA to emulate a 
competitive warmup. Since this warmup did not change from Day 1 to Day 2, there were no 
significant differences in heart rate measurements immediately following the warmup. After the 
warmup, participants completed either the loaded or unloaded PCA. Interestingly, there were no 
significant differences in heart rate measurements following each PCA, but there were 
significant differences in RPE, meaning that the participants perceived the loaded PCA to be 
more difficult than the unloaded. A Paired samples t-test suggested no significant differences in 
25-yard sprint time following each selected PCA. Although not statistically significant, a trend 
exists where 68% of the swim team participants experienced improvement in 25-yard sprint time 
following the loaded PCA compared to the unloaded. This suggests that selected PCA could be 
individualized to best fit the needs of each individual athlete prior to a competition. 
 Although the sample size is small (n = 8), it may be important to note that a statistical 
outlier within the current men’s team participant sample was identified. An interquartile range 
(see Equation 2) where IRQ = Q1 – Q3 and c was set to 1.5 (Yang et al., 2019), was used to 
identify an outlier whose change in 25-yard sprint time exceeded the threshold to be considered 
normal (see Figure 7).  
Equation 2. Tmin = Q1 − ! ∗ IQR;Tmax = Q3 + ! ∗ IQR 
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Figure 7. Boxplot for Men’s 25-Yard Sprint Time (s) Differences. 
 
After accounting for this outlier, a paired samples t-test revealed a significant difference 
in men’s 25-yard sprint time (s) following the loaded PCA (M = 12.47, SD = 0.97) compared to 
the unloaded PCA (M = 12.62, SD = 0.95); t (7) = 3.145, p = 0.016 (Table 5). 
Table 5. Men's 25-Yard Sprint Time (s) Excluding Outlier 
  Unloaded Loaded t-test 
Variable M SD M SD t df p 
25-yard sprint time (s) 12.62 0.97 12.47 0.95 3.145 7 *0.016 
Note. (*) indicates statistically significant difference from unloaded to loaded conditions. p < .05 
In addition to removing the men’s team outlier, participants 229, 123, and 208 (all 
women) were removed from the sample because their loaded PCA repetition time (s) greatly 
exceeded the previously recommended 7-second repetition goal time as suggested by Hancock et 
al., (2015). These participants verbalized that the power rack load in this study was twice as 
heavy as their self-selected training loads. This greater load may have overcome the potential 
benefit of the activity and resulted in excessive fatigue of these athletes. The removal of these 
participants resulted in statistically significant differences in 25-yard sprint time (s) after the 
32 
unloaded PCA (M = 14.26, SD = 1.68) compared to the loaded PCA (M = 14.08, SD = 1.66) t 
(17) = 3.519, p = 0.003 (Table 6). The effect size for this analysis (d = 0.829) was found to 
exceed Cohen’s convention for a large effect (d = 0.80). 
Table 6. Swim Trial Results Excluding Outliers 
 Unloaded Loaded                 t-test 
Variable  M SD M SD t  df  p  Cohen's d 
25-Yard sprint time (s) 14.26 1.68 14.08 1.66 3.519 17 *0.003 0.829 
Stroke count (#) 19.56 2.94 19.39 2.64 -0.718 17 0.483 -0.169 
Stroke rate (strokes/s) 1.4 0.21 1.37 0.2 -1.69 17 0.109 -0.398 














The primary purpose of this study was to determine if swim sprinting with power racks as 
a PCA could elicit PAPE. Our findings were not consistent with a similar study that utilized 
power racks as a PCA (Hancock et al., 2015). In the current study, there were no significant 
differences in 25-yard sprint time after the loaded PCA using power racks compared to the 
unloaded PCA that served as a control.  
Standard Meet Warmup  
 The standard meet warmup in the present study was selected because it is the traditional 
meet warmup used by the University’s swim team. Compared to other team warmups, the SUNY 
Cortland warmup is similar in distance and intensity. According to a recent survey, swim 
coaches prescribe 1440 ± 660m of warm up for sprint events, with intensities ranging from 50-
100% perceived maximal exertion within the warmup (McGowan et al., 2016). The SUNY 
Cortland warmup and PCA was ~1640-yards (1500m) in volume and consisted of varying 
intensities ranging from low effort at the beginning of the warmup to brief, maximal efforts at 
the end of the warmup which served to elevate heart. Heart rates were taken for six seconds after 
the 1640-yard warmup. Average heart rate after the warmup during the first day of testing (M = 
168.0 ± 18.2) was not significantly different from average heart rate after the warmup during the 
second day of testing (M = 173.0 ± 16.7). These heart rate measurements are slightly higher than 
a previous study which found the mean heart rate to be 144 ± 17 bpm after a 1500m swimming 
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warm up (Neiva, et al., 2015). It should be noted that the 6-second carotid method is more prone 
to error compared to using a monitor (Kobayashi, 2013). Additionally, the present study’s 
warmup ended with a brief maximal effort swim, which likely elevated heart rate compared to 
the beginning and middle of the warmup. 
Pre-Competition Activity 
There have been several recent reports of PAPE in swimming performance (Hancock et 
al., 2015; Winwood et al., 2016; & Cuenca-Fernandez et al., 2016). When considering pre-race 
activities for PAPE, volume, intensity, and rest intervals should be considered. The intensity of 
the power rack PCA was determined based on the methods of Hancock et al. (2015), where 
PAPE was achieved with four power rack sprint repetitions on a 1-minute interval, with an 
average duration of 7.3 seconds per repetition. Though power rack duration was not measured 
for all participants in this study, all participants were anecdotally observed by the researchers, 
and some were timed (stopwatch) during power rack swim. The power rack repetitions ranged 
from 7 - 11 seconds. It is interesting to note that the participants with slower loaded repetitions 
had a slower performance compared to the control trial. Participants 229, 123, and 208 were 
noted to have the slowest (~11 s) loaded PCA repetitions, these three participants were women’s 
team members and added an average of 0.40 seconds slower after the loaded PCA compared to 
the unloaded. Although power rack load during training was not recorded, it was noted by the 
team coach that these women previously trained at approximately half the load that was observed 
in this study. This may indicate that the load during the study was too high, resulting in a high 
level of fatigue, and a slower 25-yard sprint time. Training status and change in time can be seen 
in Table 2 for these participants. A previous, non-swimming study noted significant group 
improvements in 15m sprint time after a 75% body mass sled pull, whereas a 150% body mass 
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sled pull led to small decreases in 15m sprint time (Winwood et al., 2016). Like these results, a 
few of the current participants may have been loaded with too much power rack resistance 
during the PCA. These few individuals’ performance may have been diminished following the 
loaded PCA because the load was too heavy. It was noted that compared to others, these few 
individuals may have experienced more difficulty with the loaded PCA due to differences in 
skill. 
The present study controlled for PCA volume by adding a control PCA (four 15-yard 
sprints without additional load). The distance of the control PCA (15 yards) was chosen as it is 
the distance of the pool width where the power racks are used. This control was done to match 
the four ~12-yard (length of power rack cord) sprints performed during the experimental PCA 
which utilized power racks. Unlike the present study, the Hancock et al., (2015) power rack trial 
resulted in a 40m (4.4%) increase in warmup volume. The participants swam ~940m during the 
power rack trial and 900m during the control trial, this difference in volume was due to the four 
power rack sprints, as the power rack cable is approximately 10m long. This increase in warmup 
volume (distance) may have impacted performance by other known warmup mechanisms such as 
increased muscle temperature and increased oxygen uptake (Ferguson et al., 2002).  
Contrary to the findings of Hancock et al., (2015), it may be recommended that coaches 
assign unloaded PCA swim sprints to individuals. For example, in the present study, 7/22 (32% 
of the sample) participants performed better after the unloaded PCA. Although, more research is 
needed to compare performance after a standard meet warmup only with performance after a 




Rest interval has been shown to be an important variable on the magnitude of PAPE 
experienced (Ah Sue, et al., 2016 & Gołaś et al., 2016). In the present study, the rest interval 
between the PCA and performance variable was chosen to be six minutes based on the methods 
of the previous research by Hancock et al. (2015). However, results of other studies suggest that 
the proper rest interval to induce PAPE should be individualized (Ah Sue, et al., 2016 & Gołaś et 
al., 2016). Ah Sue et al. found significant PAPE in power activities with rest intervals ranging 
from 2-10 minutes, peak performance was observed at 10-minutes. Gołaś et al. (2016) found 
individuals’ optimal rest interval for peak power performance to vary from 4-8 minutes, with 
most athletes performing best six minutes after the pre-performance activity. Based on these 
findings, the current study may have noticed more improvements if the rest interval was ten 
minutes as per the results from Ah Sue et al. (2016), or if the rest intervals were individualized to 
best suit the needs of each team participant (Gołaś et al., 2016). Thus, it is recommended that 
future practitioners take the necessary time to learn optimal rest intervals for individual team 
members. Since selected rest interval can impact performance regarding PAPE, it would be 
worth individualizing rest intervals following loaded PCA in swimmers. This would be 
significant because individual and team outcomes can be decided by fractions of a second in the 
sprint events.  
25-Yard Timed Sprint 
The current study examined 25-yard sprint time from an in-water push as the 
performance variable. The in-water start and distance of 25 yards were chosen to avoid 
confounding variables like the dive start and flip turn, which are known to impact performance 
(Cossor et al., 2001 and Nicol et al., 2019). Contrary to the present study, Hancock et al. 
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observed participants perform a 100m freestyle with a dive start and flip turn. Here, the power 
rack trial resulted in a 0.54 second improvement. This difference in time may have been due to 
differences in variables like the dive start and flip turn, rather than the potentiating effect from 
the power racks as the authors suggest.   
A unique circumstance of this study, which was a limitation, was that the team 
participants were not trained equally. Of the higher trained participants, those who trained 6-days 
per week with 2-hour training sessions, two of the ten (participants 229 and 127) added a 
significant amount of time (0.2 seconds or greater) after the loaded PCA compared to the 
unloaded. Whereas three of the twelve lesser trained participants, those who trained 4-5 days per 
week with 1-hour training sessions, added a significant amount of time (0.2 seconds or greater) 
after the loaded PCA compared to the unloaded. This is consistent with a previous, non-
swimming study which found PAPE to be more prevalent in higher trained weightlifters 
compared to untrained weightlifters (Rixon et al., 2007). It may be reasonable to postulate that 
the effectiveness of the power racks may have had a greater magnitude if the participants had all 
been trained equally with higher levels of training. 
The present study revealed no significant differences in 25-yard swim sprint performance 
after the loaded PCA (Table 4), mean time after the loaded PCA (14.16 seconds) was not 
significantly different than mean time after the unloaded, control PCA (14.23 seconds). This is 
not consistent with the findings of previous swim PAPE studies who found a positive effect on 
performance after using a pre-performance loading protocol that was biomechanically like the 
performance (Hancock et al., 2015; Winwood et al., 2016; & Cuenca-Fernandez et al., 2015). 
This is likely due to the small sample size limiting statistical power. Although the difference in 
25-yard sprint time (s) for the group was not significant, a trend exists where 15/22 team 
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participants improved by an average of 0.23 seconds (1.62%). This trend suggests that loaded 
PCA swims should be prescribed on an individual basis prior to sprint freestyle events. 
In addition to swim time, stroke mechanics were also analyzed during the 25-yard sprint. 
Stroke mechanics were observed via video recordings to determine if the PCA led to mechanical 
changes during the performance. There were no mechanical differences in stroke count or stroke 
rate between trials. The loaded PCA resulted in no significant differences in 25-yard stroke count 
(M = 15.9) or stroke rate (M = 1.39 strokes per second) compared to the unloaded, control PCA 
stroke count (M = 15.9) and stroke rate (M = 1.39 strokes per second). This suggests that a 
loaded power rack PCA does not influence stroke mechanics for a 25-yard sprint, which means 
changes in performance may be attributed to non-physiological factors like proprioceptive feel or 
motivation. Future research is needed on the impact of loaded PCA swims on stroke mechanics. 
For example, changes in stroke mechanics may arise in a 50m pool, where the pool length is 
more than double the length of a 25-yard pool. This would increase stroke count and give greater 
signal to noise ratio, increasing the validity of stroke count data. 
Although not statistically significant, the average of all participants (n = 22) improvement 
of 0.07s per 25-yards might have a substantial impact on individual results in competitive events 
like the 50- or 100-Yard Freestyle events. It is reasonable to suspect that the loading protocol 
may impact performance during each additional pool length. For example, in a previous study, 
swimmers on average dropped equal amounts of time during both 50m pool lengths within a 
100m swim sprint after the power rack PCA. In this study, the power rack trial resulted in an 
improvement of 0.26 seconds on the first 50m and 0.27 seconds on the second 50m compared to 
50m lengths during the control trial (Hancock et al., 2015). Therefore, more research is needed 
on the presence of PAPE in longer distance swim events. If PAPE leads to improvements for 
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each subsequent length, as seen with Hancock et al. (2015), it could be effective in longer events 
like the 200-yard freestyle or 500-yard freestyle. 
After accounting for a potential outlier, which was identified using the interquartile range 
method, the men’s team participant sample revealed significant improvements in 25-yard sprint 
time (s) after the loaded PCA compared to the unloaded. This suggests that a loaded PCA using 
power racks could be a viable method to elicit PAPE in collegiate male swimmers. These results 
should be taken with caution as the men’s team sample size was small (n = 8). This outlier may 
have existed because of the study’s limitations. For example, this participant may have benefitted 
from an individualize rest interval following the loaded PCA as suggested by Ah Sue, et al., 
(2016) and Gołaś et al., (2016). Additionally, it was difficult to determine individual effort levels 
during the 25-yard sprint. Of course, this person may not actually be an outlier in the larger 
population. Within the small sample size this person is suspected to be an outlier but may be a 
typical responder if more variation in scores were observed as would be expected in the 
population. 
In addition to the men’s team outlier, 3 women’s team participants were omitted from the 
data for analysis. These participants were deemed to have been loaded with too much resistance 
during the power rack PCA. This was indicated by their 12-yard loaded repetitions lasting ~11 
seconds in duration. As Hancock et al. (2015) describes conditioning contractions of 
approximately seven seconds are ideal for eliciting PAPE. Additionally, Winwood et al. (2016) 
found that loaded sled pulls with too much resistance (150% body mass) led to slower 15m 
running sprint times compared to times after a control warmup. Meanwhile, a 75% body mass 
sled pull led to significant improvements in 15m sprint time (s) compared a control warmup. 
Based on these findings, it is reasonable to suspect that these participants performed poorly after 
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the power rack PCA due to the excessive load they reportedly experienced. Since this excess 
load was unintended, these select participants were omitted for further analysis. The results of 
this addition analysis indicate that power rack repetitions with appropriately assigned load can 
significantly enhance performance (Table 6). Coaches and athletes should collaborate to find an 
ideal load magnitude to optimize their swim performance. Two equally fit athletes may benefit 
from unique external loads in the PCA given other underlying psychological, physiological, or 
biomechanical parameters. 
Limitations 
 It must be noted that there are several limitations to this study. The first being the method 
of acquiring heart rates. Participants took their own heart rate using the carotid method and 
counted pulse measurements for six seconds. This method was chosen because it can be done 
quickly and was used daily during training with the current team participants. It is important to 
note that errors in counting are magnified since the 6-second carotid method is short in duration, 
this may not have been a reliable method of obtaining heart rate. In fact, a previous study noted 
that for a 6-second heart rate count, the probability that the measurement error is larger than 8 
beats per minute is estimated to be 10% (Kobayashi, 2013). It would have been more accurate 
and reliable to use a 15-second carotid method or better yet to use a heart rate monitor. More 
accurate heart rate data may have increased the validity of participant effort levels in this study. 
If effort levels could be accurately identified, differences in time (s) from trial to trial could be 
better explained. 
Another limitation to this study was the novelty of the Borg scale used to measure 
perceived exertion (RPE). Although the Borg scale was explained to participants, they had not 
used the 6-20 Borg scale before, this is demonstrated by a lack of correlation between heart rates 
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and RPE after the PCA (Table 7). It was also noted that although the participants were explained 
the Borg RPE scale during data collection, they had never used the scale prior to this study. 
Table 7. Pearson's Correlations for Heart Rates and RPE 
Variable     Unloaded HR  Unloaded RPE  Loaded HR  Loaded RPE  
1. Unloaded HR   Pearson's r   —         
  p-value   —               
2. Unloaded RPE   Pearson's r   0.010   —       
  p-value   0.965   —           
3. Loaded HR   Pearson's r   0.124   0.017   —     
  p-value   0.583   0.939   —       
4. Loaded RPE   Pearson's r   0.311   0.020   0.142   —   
  p-value   0.160   0.928   0.527   —   
 
 A limitation to the design of the study may have been the selected rest interval. In this 
study, all participants rested for six minutes after the PCA, prior to the timed 25-yard sprint. 
According to previous research, for PAPE, rest interval between the conditioning exercise and 
performance should be individualized (Ah Sue, et al., 2016 & Gołaś et al., 2016). More 
participants may have experienced PAPE if the rest interval was individualized to fit their needs. 
It is recommended that future research determine the optimal rest interval for each participant 
prior to testing.  
Another limitation to this study was the range in participants’ training status. At the time 
of the study, all participants had trained for eleven weeks. Ten of the twenty-two participants 
swam six days per week, with 2-hour training sessions. Twelve of the participants swam five 
days per week with 1-hour workout sessions. Training is important to consider with PAPE, 
previous research indicates a higher magnitude of effect for more highly trained individuals 
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(Rixon, et al., 2007). Since training status may have impacted the magnitude of effect for the 
loaded PCA, training levels in this sample were an external variable.  
A further limitation to this study was that it took place during a non-competitive season. 
There we no competitions during the current swim season. This study is meant to be applied to 
competitive situations. Similarly, the nature of the testing environment differed greatly from the 
nature of a competitive environment, like the SUNYAC Championships. Compounded with the 
limitations of heart rate recordings and RPE, it was difficult to determine whether the 
participants were giving a maximal effort during pre-race activity and the 25-yard sprint as this 
was a non-competitive environment. Another external variable that may have altered 
performance from trial to trial was social facilitation effect. On the second day of testing, 
researchers observed several participants cheering for their teammates prior to their 25-yard 
sprint. Cheering for teammates is more like a meet setting, yet in the current study it was not 
controlled for. Social facilitation is known to impact performance (Edwards et al. 2018). For 
example, a recent study noted that the presence of an audience can improve performance for 
conditioning tasks like running (Heinrich et al., 2021).  
Another social influence that may have altered performance was that the participants 
swam in heats during the 25-yard sprint. Due to the variety of student-athletes schedules at the 
time of the study, several participants arrived for testing at offsetting times, this resulted in 
differences of who the participants swam against from trial to trial. This is important, as a 
previous study found that swimmers perform better when their competitor is faster (Jane, 2015). 
Participants may have swum against faster team members during one trial compared to the other. 




 The current study found no significant difference in 25-yard sprint performance after the 
loaded PCA compared to unloaded. Although not significant, this study indicated a trend that 
power racks might be a useful tool for eliciting PAPE in specific individuals for a swimming 
competition. For example, of the twenty-two participants fifteen (68% of the sample) improved 
performance after the loaded PCA, with an average improvement of 1.62%. Improvement of this 
magnitude could be meaningful for competitive outcomes. For example, a time difference of 
0.2% determined whether athletes made finals and scored points for their team in the 50-Yard 
Freestyle at the 2019-20 NCAA Division 1 National championship.  
 Based on the findings of this study and previous research, it is recommended that the 
PCA be individualized to best fit the needs of the athlete to experience PAPE (Till and Cooke., 
2009). When prescribing a PCA, it is important to understand how each athlete responds to a 
loaded vs unloaded stimulus. Individual athletes may also respond differently to difference 
volumes and intensities of the pre-race activity. It is also important to determine optimal 
individualized rest intervals between the PCA and the competition. Thus, it would be useful for 
the practitioner or coach to understand the needs of each individual to optimize the exercise 
selection, volume, intensity, and rest interval. Due to the various limitations of previous and 
present research, it is necessary for further research to examine exercise selections, load, volume, 
and intensity when determining the optimal PCA for individuals or sub-groups (e.g., sprinters, 
mid-distance, and distance). As such, some experimentation and keeping logs for each 
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Appendix A – Informed Consent 
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Appendix B – Data Collection Sheets 
25-yard Timed Sprint 
Date (circle one):  Day 1: 4/21 Day 2: 4/23 
Practice time (circle one):   
1:45 – 2:45     
2:50 – 3:50     
4:00 – 5:00 
5:10 – 6:10 
Participant ID Group # Lane # 25-yard time (s) 6-sec HR (after 
timed 25-yard 
sprint) 
     
     
     
     
     
     
     
     





Date (circle one):  Day 1: 4/21 Day 2: 4/23 
 
Practice time (circle one):   
1:45 – 2:45     
2:50 – 3:50     






























free PB  
(s) 
      
      
      
      
      
      




Date (circle one):  Day 1: 4/21 Day 2: 4/23 
 
Practice time (circle one):   
1:45 – 2:45     
2:50 – 3:50     
4:00 – 5:00 
5:10 – 6:10 
 








      
      
      
      





Appendix C – Raw Participant Data 
Participant 



















106 W 20 11 15 170.5 64.09 63.86 63.97 
215 M 21 15 14 186.0 83.82 83.64 83.72 
113 M 22 12 12 178.5 84.09 84.32 84.20 
214 M 18 14 12 184.0 76.82 77.05 76.93 
116 M 19 9 13 203.0 88.09 89.09 88.59 
229 W 18 12 14 183.0 70.45 70.00 70.22 
131 W 19 12 12 166.5 62.27 61.59 61.93 
202 M 19 12 11 176.0 80.00 79.91 79.95 
117 W 20 13 14 167.5 62.50 62.27 62.38 
212 M 21 16 14 179.5 74.09 72.95 73.52 
224 W 21 14 13 176.0 104.9 102.27 103.58 
201 W 21 14 12 177.0 114.0 112.73 113.36 
123 W 20 12 14 154.0 62.73 60.23 61.47 
110 W 18 9 15 163.0 68.64 68.64 68.63 
222 W 19 12 13 168.5 89.09 89.09 89.09 
107 W 19 9 14 159.0 68.64 68.86 68.74 
221 W 18 12 11 164.5 75.45 75.23 75.34 
119 M 21 8 12 175.5 78.41 78.41 78.40 
208 W 22 13 16 163.0 68.41 67.95 68.17 
226 M 21 15 14 178.0 107.1 108.18 107.68 
127 M 19 12 13 168.0 74.55 75.00 74.77 







































106 21.2 28.8 25.00 14.71 14.67 17 18 1.16 1.22 
215 15.0 14.4 14.70 12.42 12.69 17 17 1.34 1.37 
113 13.3 11.6 12.45 12.51 12.61 17 17 1.35 1.36 
214 10.2 10.4 10.30 11.82 12.14 18 18 1.48 1.52 
116 10.1 9.6 9.85 11.85 11.87 20 20 1.68 1.69 
229 20.1 21.0 20.55 14.81 14.25 20 18 1.40 1.22 
131 23.2 23.2 23.20 14.23 14.91 19 20 1.27 1.41 
202 15.0 12.3 13.65 11.62 11.56 18 18 1.56 1.55 
117 20.5 20.0 20.25 15.36 15.93 23 23 1.44 1.50 
212 11.0 10.4 10.70 11.9 12.11 21 20 1.73 1.68 
224 33.7 32.8 33.25 15.49 15.29 18 16 1.18 1.03 
201 35.3 35.2 35.25 15.7 15.81 16 15 1.01 0.96 
123 27.7 28.4 28.05 15.13 14.81 22 22 1.49 1.45 
110 26.3 25.2 25.75 15.56 15.93 24 25 1.51 1.61 
222 31.3 32.2 31.75 16.19 16.38 22 23 1.34 1.42 
107 29.5 28.9 29.20 16.09 16.19 23 23 1.42 1.43 
221 28.0 27.8 27.90 15.43 15.56 22 23 1.41 1.49 
119 16.9 18.1 17.50 13.18 13.44 20 19 1.49 1.44 
208 25.1 25.3 25.20 14.97 14.64 20 20 1.37 1.34 
226 27.1 25.5 26.30 14.46 14.54 19 21 1.31 1.45 
127 19.1 17.6 18.35 13.26 12.81 20 19 1.56 1.43 






























106 20 20 18 14 
215 18 20 16 17 
113 17 18 17 18 
214 15 14 12 14 
116 18 18 16 16 
229 18 17 16 17 
131 19 18 15 15 
202 18 17 15 16 
117 13 16 15 15 
212 18 19 17 17 
224 15 16 17 15 
201 16 18 16 15 
123 16 17 16 16 
110 12 20 17 18 
222 17 17 12 18 
107 17 17 16 17 
221 17 17 16 15 
119 17 15 14 15 
208 17 18 15 16 
226 18 17 16 18 
127 17 14 15 15 
130 16 17 16 15 
 
 
 
 
 
 
 
 
 
  
